Europaisches 
Patentamt 



European 
Patent Office 



Office eur 
des brev 




Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les docunr^ents fix6s d 
cette attestation sont 
conformes a la version 
initialement depos6e de 
la demande de brevet 
europeen sp6cifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n 



03103952.2 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED 
CoiSScE WITH RU1£ 17.Ua) OR (b) 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Offtce europeen des brevets 
p.o. 




R C van Dijk 



BEST AVAILABLE COP 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 
Application no.: 
Demande no: 



03103952.2 



Anmel detag: 
Date of f n 1ng: 
Date de d^pdt: 



24.10.03 



Anmel der/Appl IcantC s)/DemandeurC s): 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



Bezelchnung der Erf indung/Tltle of the Inventlon/Tltre de T Invention: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est 1nd1qu6 se referer a la description.) 

Electrophoretic display device 

In Anspruch genonunene PrIorlatCen) / Priori tyC les) claimed /Pr1or1t6(s) 
revendlqu^eCs) 

Staat/Tag/Aktenzelchen/State/Date/Fne no./Pays/Date/Num6ro de d^pdt: 



Internationale Patentklassif i katlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flllng/Etats contractants d^slgn^es lors du d€pdt: 



AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MG NL 
PT RO SE SI SK TR LI 



G09G5/00 



03103952.2 
EPA/EPO/OEB Form 1014.2 - 01.2000 



2 



7001014 



PHNL031242EPP 



24.10.2003 



Electtophoretic display device 



The invention relates to an electrophoretic display device comprising 
electrophoretic particles, an array of display elements comprising a pixel electrode and a 
counter electrode between which a portion of the electrophoretic particles are present, and 
control means for supplying one or more potentials differences during a transition period to 
5 the electrodes to bring the display elements in a predetermined optical state from a previous 

optical state to produce an image change. 

The invention also relates to a method for driving an electrophoretic display 
device in which method one or more potential differences are applied to an array of picture 
elements of the display device within a transition period for providing a change of image on 
10 the display device. 



15 



20 



25 



A display device of the ^e mentioned in the opening paragr^h is known 
from the international patent appKcation WO 99/53373. This patent appHcation discloses a 
eledxonic ink display comprising two substrates, one of which is transparent^ the oflier 
substrate is provided with electrodes arranged in row and columns. A crossing between a row 
and a column electirode is associated with a display element The display element is coupled 
to tiie column electrode via a thin fihn transistor (TFT), the gate of which is coiq)led to the 
row electrode. This arrangements of display elements, TFT transistors and row and column 
electrode together forms an active matrix. Furthermore, the display element comprises a pixel 
electrode. A row driver selects a row of display elements and the column driver supply a data 
signal to the selected row of display elements via the column electrodes and tiie TFT 
transistors. The data signals corresponds to grs^hic data to be displayed. 

Furthermore, an electronic ink is provided between the pixel electrode and a 
common electrode provided on the transparent substrate. The ^ectronic ink comprises 
multiple microcapsules, of about 10 to 50 microns. Each microcapsule comprises positively 
charged white particles and negatively charge black particles suspended in a fluid. When a 
positive field is applied to the pixel electrode, the white particles move to the side of the 
micro capsule directed to the transparent substiate and the display element becomes visible to 
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a viewer. Simultaneously, the black particles move to the pixel electrode at the opposite side 
of the microcapsule where they are hidden to the viewer. By applying a negative field to the 
pixel electrode, the black particles move to the common electrode at the side of the micro 
capsule directed to the transparent substrate and the display element appears dark to a viewer. 
When the electric field is removed the display device remains in the acquired state and 
exhibit a bi-stable character. 

Grey scales can be created in the display device by controlling the amount of 
particles that move to counter electrode at the top of the microc^sules. For example, the 
energy of the positive or negative electric field, defines as the product of field strength and 
time of application, controls the amount of particles moving to the top of the microcapsules. 

In prior art driving schemes, new images appear in a somewhat irregular 
manner. The user perceives a new image which spears in an irregular manner across the 
display, which results in a rather ''bitty" image update which is not preferred by the viewer. 

It is an object of the invention to provide an electrophoretic display device as 
described in the opening paragraph in which the appearance of new images is less *1)itty". 

To this end the device in accordance with the invention is characterized in that 
the control means for supplying one or more potential differences to the electrodes are 
arranged such that the one or more potential differences to bring the display elements in a 
predetermined optical state to produce an image on the display device substantially end for 
substantially aU elements of the array end for substantially all elements of the array within a 
time spread period (At) less than 75%/2 of the maximum transition period (At<0.375tnm). 

In prior art driving schemes the control means are arranged such that the 
driving pulse(s), i.e. the potential differences determining the grey scale are initiated at 
substantially the same time, for example all driving waveforms start to be implemented as 
soon as an image update signal is issued by the display controller. Although this is a 
convenient method for driving the display, the inventors have realized that this is a cause for 
the effect that new images appear in a somewhat irregular manner. The user perceives a new 
image which appears in an irregular manner across the display, which results in a rather 
'l)itty" image update which is not preferred by the viewer. The different driving waveforms 
have different durations and for this reason, whilst the image update of all phcels is initiated 
at substantially the same point in time, the time at which the new image appears varies from 
element to element dependent of the details of tiie previous image and the new image, leading 
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to the "bitty'* appearance of a new image. Typically, expressed as a percentage of the 
TTiayiTmim time period of application of potential differences for bringing an element from 
one optical state to another in the transition from one image to another, the spread in time 
(herein called the '*time spread period") is approximately 75% or more of said maximum time 
5 period. 

In a device and method in accordance with the invention, the one or more 
potential differences to bring the elements into a predetermined state end the appearance of 
the new image in all pixels of the display is better synchronized in time, within the concept of 
the invention it holds tha^ expressed as a percentage of the mariTnum time period of 

10 application of potential differences for bringing an element from one optical state to another 
in the transition from one image to another, the spread in time is reduced to less than 75%/2 
of said maximum time period. 

In various embodiments of the invention series of driving waveforms are 
implemented, all having in conmaon that all driving waveforms are completed at substantially 

IS the same reference time, i.e. all ending within a spread in time of less than 7S%/2 of the 
tnayimiim transition period. In this manner, the image update appears more natural to the 
viewer. Preferably all driving wavefoims end within 25% of the maximum transition period, 
more preferably Avithin a frame period, most preferably the end of all driving waveforms end 
at the same instance. 

20 It is remarked that as a consequence, not all waveforms will necessarily start at 

the same point in time. 

In respect of preferred embodiments it is remarked that greyscales in 
electrophoretic displays are generally created by applying voltage differences for specified 
time periods. They ace influenced by image history, dwell time, temperature, humidity, 

25 lateral inhomogeneity of the electrophoretic foils etc. Relatively accurate grey levels can be 
achieved using rail-stabilized approach, which means that the grey levels are always achieved 
either from reference black or from reference white state. In such driving schemes the 
transition between one grey level and another is actually often accomplished by a train of 
pulses, comprising the application of more than one type of potential di^rences, namely a 

30 reset pulse to bring the element to an extreme state, followed by a grey level pulse to bring 
the element from the extreme state to a determined grey level. Such driving melliod may use 
over-reset voltage pulses in which reset pulses largely exceeding the saturation time, i.e. the 
time required for the ink to switch from its present state to the frill white/black saturated state, 
are used In addition, to realise, the lov^est image retention a series of short AC pulses, so 
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called preset pulses, may be supplied prior to the resetting and driving pulse in order to 
reduce the dwell time and/or image history effects, llius reducing image retention. In general 
it holds that, the more complex the total driving scheme, the larger the variation in length of 
the transition time from one image to a next may be between elements, the larger the problem 
S the present invention seeks to overcome becomes and the more advantageous the invention 
becomes. 

In a preferred embodiment the control means are arranged for controlling the 
one or more potential differences of each of the plurality of picture elements 

- to be a reset potential difference having a reset value and a reset duration during a 
10 reset period, 

- and subsequently 

- to be a grey scale potential difference for enabling the particles to occupy the position 
corresponding to image information such that for substantially all element in the array 
application of the final grey scale determining potential difference ends at 

15 substantially the same instance. 

In a further preferred embodiment the control means are arranged for applying 
an over-reset potential. 

An preferred embodiment within this class of embodiments is characterized in 
that the control means are arranged for controlling the reset potential differraces to end at the 
20 same time. 

All waveforms are then synchronized in respect of the reset pulses. 

In a further preferred embodiment the control means are arranged for applying 
in between the reset potential differences and the grey scale potential differences preset 
potential differences. 

25 Within the concept of the invention preset potential difference are a series of 

short AC pulses. 

Application of preset potential differences (also called ^'shaking" pulses) 
reduces the influence of image history on the image. 

Within the concept of the invention "grey scale" is to be understood to mean 
30 any intermediate state. When the display is a black and white display, "grey scale" indeed 
relates to a shade of grey, when other types of colored elements are used 'grey scale' is to be 
understood to encompass any intermediate state in between extreme optical states. 
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These and other aspects of the display panel of the invention will be further 
elucidated and described with reference to the drawings, in which: 

Figure 1 shows diagrammatically a front view of an embodiment of the 

display panel; 

5 Figure 2 shows diagrammatically a cross-sectional view along H-II in Figure 

1; 

Figure 3 shows diagrammatically a cross section of a portion of a further 
example of an electrophoretic display device; 

Figure 4 shows diagrammatically an equivalent circuit of a picture display 
1 0 device of Figure 3 ; 

Figure S illustrates by means of a driving scheme diagrammatically the 
potential difference as a function of time for a picture element for a driving scheme having 
grey scale potential differences; 

Figure 6 illustrates by means of a driving scheme diagrammatically the 
1 5 potential difference as a function of time for a picture element for a driving scheme having 
reset and grey scale potential differences; 

Figure 7 illustrate by means of a driving scheme diagrammatically the 
potential difference as a function of time for a picture element for a driving scheme having 
reset, grey scale and preset potential differences; 
20 Fig. 8 illustrates by means of driving schemes a device and metiiod in 

accordance with the invention; 

Fig. 9 illustrates by means of driving schemes a further example of a device 
and method in accordance with the invention; 

Fig. 10 illustrates by means of driving schemes a further example of a device 
25 and method in accordance with the invention; 

Fig. 1 1 illustrates by means of driving schemes a further example of a device 
and method in accordance with the invention, in which the end of the reset pulse is 
S3mchronized. 

In all the Figures corresponding parts are usually referenced to by the same 
30 reference numerals. 

Figures 1 and 2 show an embodiment of the display panel 1 having a fbrst 
substrate 8, a second opposed substrate 9 and a plurality of picture elements 2. Preferably, 
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the picture elements 2 are arranged along substantially straight lines in a two-dimensional 
structure. Other arrangements of the picture elements 2 are alternatively possible, e.g. a 
honeycomb arrangement. An electrophoretic medium 5, having charged particles 6, is present 
between the substiates 8,9. A first and a second electrode 3,4 are associated with each picture 
element 2. The electrodes 3,4 ace able to receive a potential difference. In Figure 2 the first 
siibstrate 8 has for each picture element 2 a first electrode 3, and the second substrate 9 has 
for each picture element 2 a second electrode 4. The charged particles 6 are able to occupy 
extreme positions near the electrodes 3,4 and intermediate positions in between the electixides 
3,4. Each picture element 2 has an appearance determined by the position of the charged 
particles 6 between tiie electirodes 3,4 for displaying tiie picture. Electiophoretic media 5 are 
known per se from e.g. US 5,961,804, US 6,120,839 and US 6,130,774 and can e.g. be 
obtained ftom E Ink Corporation. As an cxaxagle, tiie electrophoretic medium 5 comprises 
negatively charged black particles 6 in a white fluid. Whai the charged particles 6 are in a 
first extreme position, i.e. near tiie first electirode 3, as a result of the potential difference 
being e.g- 15 Volts, the ^pearance of the picture element 2 is e.g. white. Here it is 
considered that the picture element 2 is observed firom the side of tiie second substrate 9. 
When the charged particles 6 are in a second extreme position, i.e. near the second electrode 
4, as a result of the potential difference being of opposite polarity, i.e. -15 Volts, the 
appearance of tiie picture element 2 is black. When flie charged particles 6 are in one of the 
intermediate positions, i.e. in between the electrodes 3,4, the pichire element 2 has one of tiie 
intermediate appearances, e.g. light gray, middle gray and dark gray, which are gray levels 
between white and black. The drive means 100 are arranged for controlling the potential 
difference of each picture element 2 to be a reset potential difference having a reset value and 
a reset duration for enabling particles 6 to substantially occupy one of the extreme positions, 
and subsequentiy to be a grey scale potential difference for enabhng the particles 6 to occupy 
the position corresponding to the image information. 

Fig. 3 diagrammatically shows a cross section of a portion of a further 
example of an electrophoretic display device 31, for example of the size of a few display 
elements, comi»ising a base substrate 32, an electiophoretic film with an electironic ink 
which is present between two transparent substrates 33, 34 for exan^le polyefliylene, one of 
the substrates 33 is laovided with transparent picture electrodes 35 and the other substrate 34 
with a transparent counter electirode 36. The electironic ink conxprises multiple micro capsules 
37, of about 10 to 50 microns. Each micro c^)sule 37 comprises positively charged white 
particles 38 and negative charged black particles 39 suspended in a fluid F. Whai a positive 
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field is applied to the pixel electrode 35, the white particles 38 move to the side of the micro 
capsule 37 directed to the counter electrode 36 and the display element become visible to a 
viewer. Simultaneously, the black particles 39 move to the opposite side of the microcapsule 
37 where they are hidden to the viewer. By appljdng a negative field to the pixel electrodes 
5 35, the black particles 39 move to the side of the micro capsule 37 directed to the counter 
electrode 36 and the display element become dark to a viewer (not shown). When the electric 
field is removed the particles 38, 39 remain in the acquired state and the display exhibits a bi- 
stable character and consumes substantially no power. 

Fig. 4 shows diagrammaticaUy an equivalent circuit of a picture display device 

10 31 comprising an electrophoretic film laminated on a base substrate 32 provided with active 
switching elements, a row driver 43 and a column driver 40. Preferably, a counter electrode 
36 is provided on the filtn comprising the encapsulated electrophoretic ink, but could be 
alternatively provided on a base substrate in the case of operation using in-plane electric 
fields. The display device 3 1 is driven by active switching elements, in this example thin fihn 

15 transistors 49. It conxprises a matrix of display elements at the area of crossing of row or 
selection electrodes 47 and column or data electrodes 41 . The row driver 43 consecutively 
selects the row electrodes 47, while a column driver 40 provides a data signal to the cokurm . 
electrode 41. Preferably, a processor 45 firstly processes incoming data 46 into the data 
signals. Mutual synchronisation between the column driver 40 and the row driver 43 takes 

20 place via drive lines 42. Select signals from the row driver 43 select the pixel electrodes via 
the thin film transistors 49 whose gate electrodes 50 are electrically connected to the row 
electrodes 47 and Ifae source electrodes 51 are electrically connected to the column electrodes 
41. A data signal present at the column electrode 41 is transferred to the pixel electrode 52 of 
the display element coupled to the drain electrode via the TFT. In the embodiment, the 

25 display device of Fig.3 also comprises an additional capacitor 53 at the location at each 

display element. In this embodiment, the additional capacitor 53 is connected to one or more 
storage capacitor lines 54. Instead of TFT other switching elements can be applied such as 
diodes, MEM's, etc. 

As an illustration of devices, methods and driving schemes not using reset 

30 pulses figure 5 illustrates driving schmies in which for Ihe transition of a grey scale to 

another grey scale single drive pulse is used. The initial (starting) optical position (i.e. grey 
scale, e.g white, black, light grey dark grey) is given at the left hand side of the figure. The 
driving pulse is schematically given and at the right hand side the resulting grey scale is 
givea In the exan^le of figure 5 a single grey scale potential difference is applied. The end 
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of the application of grey scale potential differences is, for different transitions different, 
leading to a time difference At between the final appearance of the image at different 
element, dependent on the grey scale difference between images. This gives the transition 
form one image to another a bitty or jerky appearance. At is typically 75% or more of the 
5 mgjYiTnnm transition period tmax , i-e. the maximum time period starting firom the first 
application of the grey scale potential to the end of the grey scale potential 

This effect is even greater when reset potential differences are applied. The 
advantage of the application of reset potentials is that a more acciirate grey scale rendition is 
possible. 

10 As an example (see figure 6) the appearance of a picture element of a subset is 

white (W), light gray (Lg), dark grey (Dg) or black (B), before appUcation of flie reset 
potential dififercmce. Furthermore, the picture appearance corresponding to the image 
information of the same picture element is dark gray. For these example, the potential 
difference of the picture element is shown as a function of time in Figure 5. The reset 

15 potential difference (R) has e.g. a value of 15 Volts during resettrng, i.e. during reset period. 
The trifiYiTTiiiTri reset duration in these example is for instance 12 fiame times, e.g. if the frame 
time is 25 msec corresponding to a total image update time of 300 ms. The reset time period 
is 0 fiame periods (for resetting black to black), 4 firame periods (for resetting dark grey to 
black), 8 fiame periods (for resetting light grey to black up to 12 fiame periods (for resetting 

20 white to black). As a result, after application of the reset potential, each picture element has 
an appearance being substantially black, denoted as B. The grey scale potential difference 
(Gs) is applied after application of the reset pulse and is e.g. -15 Volts and a duration of in 
this example 4 fi^e times, which in this example is approximately 100 msec. As a result the 
picture element has, after application of the grey scale potential difference, an appearance 

25 being dark gray (Gl), for displaying the picture. The examples of driving schemes shown in 
figure 6, all end at different times for different transitions showing driving schemes coi^pared 
to figure 5 the spread At is even increased and is thus also more than 75% of the maximum 
transition time tmax- 

As explained above, the accuracy of the greyscales in electrophoretic displays 
30 is strongly influenced by image history, dwell time, temperature, humidity, lateral 

inhomogeneity of the electrophoretic foils etc. Using reset pulses accurate grey levels can be 
achieved since the grey levels are always achieved either from reference black (B) or fi:om 
reference white state (W) (the two extreme states). 
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A disadvantage of the present display is that it exhibits an underdrive effect 
which lead to inaccurate grey scale reproduction. This underdrive effect occurs, for example, 
when an initial state of the display device is black and the display is periodically switched 
between the white and black state. For example, after a dwell time of several seconds, the 
S display device is switched to white by applying a negative field for an interval of 200ms. In a 
next subsequent interval no electric field is applied for 200ms and the display remains white 
and in a next subsequent interval a positive field is applied for 200 ms and the display is 
switched to black. The brightness of the display as a response of the first pulse of the series is 
below the desired maximum brightness, which can be reproduced several pulses later. This 

10 underdrive efifect is sometimes also called image retention. 

One way of reducing this effect is to arrange the drive means for controlling 
the potential difference of each picture element to be a sequence of preset potential 
differences before being the reset potential difference and/or before being the grey scale 
potential differences. In a simple scheme the sequence of preset potential differences has 

IS preset values and associated preset durations, the preset values in the sequence altemate in ; 
sign, each preset potential difference represents a preset energy sufficient to release particles 
6 present in one of the extreme positions from their position but insufficient to enable said : 
particles 6 to reach the other one of the extreme positions. Without being bound to a 
particular explanation for the mechanism imderlying the positive effects of application of the 

20 preset pulses, it is presumed that the application of the preset pulses increases the momentum 
of the electrophoretic particles and thus shortens the switching time, i..e the time necessary to 
accomplish a switch-over, i.e. a change in appearance. It is also possible that after the display 
device is switched to a predetermined state e.g. a black state, the electrophoretic particles are 
**fi:ozen" by the opposite ions surroxmding the particle. When a subsequent switching is to the 

25 white state, these opposite ions have to be timely released, which requires additional time. 
The application of the preset pulses speeds up the release of the opposite ions thus the de- 
fiieezing of the electrophoretic particles and therefore shortens the switching time. 

Fig. 7 illustrates a set of driving schemes comparable to the one shown in 
figure 6, the differ^ce being that preset potential differences, i.e. a series of short AC pulses 

30 are applied prior to application of reset and/or grey scale potential differences. The 

application of such preset (also called "shaking" pulses, which is the reason why in this 
figure mention is made of ''shaking 1" and "shaking 2") has the effect that the particles react 
faster and more accurate to application of reset or grey scale potential differences, enabling a 
reduction in time and/or more accurate grey scales. However, the driving schemes are, in 
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5, more complex. The spread At is also larger than 75% of the maximum transition time W- 
The mgyimnTTi transition time, when use is made of a reset (R) with a maximum length of 
Rmax, and a preset pulse (PS) with a length PS, and a Gs pulse, with a maximum length of 

5 Gsmax., may be calculated by tmax= Rmax+PS+Gsmax. At is typicaUy tmax-PS. This leads to 
At/tmax=(W-PS)/tmax being roughly 80-85%. 

Fig. 8 illustrates a set of driving schemes in accordance with the invention. 
This is illustrated for driving schemes in which reset, preset and grey scale potential 
differences are applied. The potential differences that determine the grey scale all end 

10 substantially at the same time tsynchrone, i.e, the driving schemes are synchronized. 

Consequently the image appears substantially at tibte same time. It is to be noted that in the" 
third transition firom the top (dark grey to black) there are some pulses applied after the reset 
pulse R, namely preset pulses PS and a grey scale potential difference Gs of OV. However, 
none of these pulses influence the optical state of the element, since preset pulses shake the 

1 5 particles but do not substantially move them, and application of a grey scale potential 

difference of OV does not have a substantial influence on the optical state. All final grey scale 
determining potential differences, i.e. those pulses that do influence the optical state end at 
the same time tsynchnmc In the third driving scheme from the top (Dg-B) the final grey scale 
determining potential difference is thus the reset pulse because in this scheme said reset pulse 

20 brings the element to an extreme optical state, which is the same as the intended optical state, 

since the fibaal state is an extreme state. 

The invention is equally applicable to driving schemes and devices in which 
only reset and grey scale potential differences are applied (figure 6), or only grey scale 

potential diff^ences (figure5). 
25 As an illustration of such embodiment figure 9 show driving schemes without 

application of preset pulses all ending at the same instance l^dmme. Figure 9 differs firom 
figure 8 in that no preset pulses are applied. 

The invention is equally applicable to driving schemes and devices in which 
grey scale potential differences are applied preceded by a preset pulse. 
30 As an illustration of such embodiments figure 10 show driving schemes 

without application of reset pulses all ending at the same instance t^ynchnme- 

In all of the figures 8 to 10 of all the driving waveforms (i.e. the combinations 
of R, PS, Gs pulses) the final optical state determining potential differences (which usually is 
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a grey scale difference, but in some driving waveforms the reset pulse, if the intended grey 
scale is an extreme optical state) end at the same time. 

It is an object of the invention to reduce strongly A1^ and these embodiments 
accomplish this object as good as possible. 
5 However, within the broader concept of the invention, a less severe condition 

may apply, in which the spread At is reduced to less than 75%/2 but there still exists a spread. 

In a first class of such embodiments, in which reset and giey scale potential 
differences are applied the end of the reset potential differences is synchronized. Fig 1 1 
shows such an embodiment. As a consequence there does exits a spread At, as is evident from 

10 the figure, but the spread is less than 75%/2, typically approximately 33-35%. The advantage 
of synchroni2dng the end of the reset pulses is that the start of application of the grey scale 
potential difference (and, if present the preceding preset potential differences) is 
synchronized, simplifying the driving scheme. In further embodiments, additional preset 
pulses may be applied in portions of the potential differences where otherwise a zero volt 

1 S pot^tial would be applied. In this way, the optical performance of the disfplay may be further 
improved. 

It is remarked that, within the broader concept of the invention, the application 
of reset potential differences may encompass, and in preferred embodiments does encompass, 
the application of overresetting. "Overresetting" stands for methods of application of reset : 

20 potentials in which purposively, at least for the transition of some grey scale state 

(intermediate states) reset pulses are applied which have a longer time'^voltage difference 
than needed to drive the relevant element to the desired extreme optical state. Such 
overresetting may be usefidl to ensure that an extreme optical state is reached, or it may be 
used to simplify the application scheme, such that e.g. the same length of resetting pulse is 

25 used for the resetting of different grey scale to an extreme optical state. 

It is further remarked that tiie above-mentioned embodiments illustrate rather 
than limit the invention, and that those skilled in the art will be able to design many 
alternative embodiments without departing fix>m the scope of the appended claims. For 
example, although most embodiments in accordance with the invention are described with 

30 respect to an electrophoretic ink display, the invention is also suitable for electrophoretic 
displays in general and for bi-stable displays. Usually, an electronic ink display comprises 
white and black particles which allows to obtain the optical states white, black and 
intermediate grey states. Although only two intermediate grey scales are shown, more 
iatermediate grey scales are possible, tf Ihe particles have other colors than white and blacky 
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still, the intennediate states may be referred to as grey scales. The bi-stable display is defined 

as a display wherein the pixel substantially maintains its grey level/brightness after the 

power/voltage to the pixel has been removed. 

Application of the various potential differences lasts usually a particular 
5 number of fiame periods tftame, one of which is schematically shown in figure 6, In 

embodiments the spread in t (At) may be one fiame time. 

Although in these examples pulse width modulated driving (PWM) schemes 

are used for illustration of this invention, it is also applicable to the driving schemes using a 

limited number of voltage levels combined with the PWM driving for further increasing the 
10 number of the grey levels. The electrodes may have top and bottom electrodes, honeycomb or 

other structures. 

In short the invention can be described as follows: 

15 An electrophoretic display device is driven by application driving waveforms 

comprising application of various potential differences (R, Gs, P) to bring about a change in 
image. In the display and method in accordance with the invention the duration of the time 
period (At) in which the end of the transition of one image to another for various waveforms 
occurs is less than 37.5 % of the maximum time period of the waveform (At<0.375 W) , and 

20 preferably the end of the waveforms are is synchronized in time (A1f=0). 

It will be appreciated by persons skilled in the art that the present invention is 
not limited by what has been particularly shown and described hereinabove. The invention 

25 resides in each and every novel characteristic feature and each and every combination of 
characteristic features. Reference numerals in the claims do not limit their protective scope. 
Use of the verb "to comprise" and its conjugations does not exclude the presence of elements 
other than those stated in the claims. Use of the article "a" or "an" preceding an element does 
not exclude the presence of a plurality of such elements. 

30 The invention is also enibodied in any computer program comprising program 

code means for pCTforming a method in accordance with the invention when said program is 
run on a computer as well as in any computer program product comprising program code 
means stored on a computer readable medium for performing a method in accordance with 
the invention when said program is run on a computer, as well as any program product 
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comprising program code means for use in display panel in accordance with the invention, 
for performing the action specific for the invention. In particular, the driving schemes may be 
implemented in hard-ware form, in soft-ware form, or a mixture of the two. 

The present invention has been described in terms of specific embodiments, 
5 which are illustrative of the invention and not to be construed as limiting. The invention may 
be implemented in hardware, firmware or software, or in a combination of them. Other 
embodiments are within the scope of the following claims. 

It will be obvious that many variations are possible within the scope of the 
invention without departing from the scope of the appended claims. 
10 It is remarked that use of the invention may, of course, be established by 

means of determining the waveforms, or analyzing the computer programs or circuits for 
formation of the waveforms. It is however, equally possible to measure for many pixels, die 
light output, ie. the way in which the transition is made between one optical state and 
another, and thereby establish the spread in time and the maximum transition period. 
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CLAIMS: 



L An electrophoretic display device comprising electrophoretic particles (6), an 

array of display elements comprising a pixel electrode and a counter electrode between 
which a portion of the electrophoretic particles (6) are present, and control means for 
supplying one or more potentials differences (R, Gs, Ps) to the electrodes during a transition 
5 period to bring the display elements in a predetermined optical state (B, Lg, Dg, W) from a 
previous optical state to produce an image change wherein the control means for suppljdng 
one or more potential differences to the electrodes are arranged such that the one or more 
potential differences to bring the display elements in a predetermined optical state to produce 
an image on the display device end for substantially all elements of the array within a time 
10 spread period (At) less lhan 7S%/2 of the maximum transition period (At<0.37Stb]ax) - 

4 
« 

2. An electrophoretic display device as claimed in claim 1, wherein the time 

spread period is less than 25% of the maximum transition period (At<0.25tjnax). 

15 3. An electrophoretic display device as claimed in claim 2, wherein the time 

spread period is a frame time or less. 

4. An electrophoretic disqplay device as claimed in claim 1, wherein the control 

means for supplying one or more potential differences to the electrodes are arranged such that 
20 the final grey scale determining potential difference of the one or more potential differences 
to bring the display elements in a predetermined optical state to produce an image on the 
display device substantially occur at the same instance (tsynduone) for substantially all elements 
of the array (Atpi 0). 

25 5. An electrophoretic display device as claimed in claim 1, wherein the control 

means are arranged for controlling the one or more potential differences of each of the 
plurality of picture elements 

- to be a reset potential difference (R) having a reset value and a reset duration during a 
reset period. 
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- and subsequently 

. to be a grey scale potential difference (Gs) for enabling the particles to occupy the 
position corresponding to image information. 

5 6. An electrophoretic display device as claimed in claim 5, wherein the control 

means are arranged for applying an over-reset potential. 

7. An electrophoretic display device as claimed in claim 5, wherein the control 
means are arranged for synchronizing the end of the reset potential differences (R). 

10 

8. An electrophoretic display device as claimed in claim 5, wherein the control 
means are arranged for applying in between the reset potential differences and the grey scale 
potential differences preset potential differences. 

15 9. A method for driving an electrophoretic display device comprising: 

an electrophoretic medium (5) comprising charged particles (6); 

- a plurality of picture elements (2), in which method one or more potential differences 
(R, Gs, Ps) are applied to elements of the display device to bring the elements within 
a transition period in a predetemMned optical state from a previous optical state to 

20 effect a change in the displayed image, wherein 

- application of the one or more potential differences substantially end within a time 
period (At) less than 75%/2 of the maximum transition period (At<0.375tmax) . 

10. A method as claimed in claim 9, wherein to bring an element to a 

25 predetermined optical state from a previous optical state a reset potential difference ( R) 

followed by a grey scale potential difference is j^jplied, and for substantially all elements in 
the array application of the final grey scale determining potential difference (R, Gs) occurs at 
substantially the same instance (tgynchrone) (At^^O). 
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ABSTRACT: 



An electrophoretic display device is driven by j^pUcation driving waveforms 
comprising appUcation of various potential differences (R, Gs, P) to bring about a change in 
image. In the display and method in accordance with the invention the duration of the time 
period (At) in which the end of the transition of one image to another for various waveforms 
occurs is less than 37.5 % of the maximum time period of the waveform (At<0.375 tmax) , and 
preferably the end of the waveforms are is synchronized in time (A^), i.e. the end of all 
waveforms occur at the same instance (tsyndmnie)- 
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